Abstract-Energy conservation encourages economic growth by redirecting wasteful spending to more productive activities. Energy savings can be used to increase consumption in the broader economy. A more efficient use of energy resources not only conserves this vital resource towards future consumption but also inhibits the excessive exploitation of non-renewable energy resources. The objective of this paper is to develop a suitable framework for an IoT-enabled energy conservation system for an emerging smart community such as Covenant University. A strategic interconnection of sensor networks and energy management systems integrated with the campus IT infrastructure was considered. This energy conservation cyberphysical system is expected to significantly improve energy efficiency in the University and increase energy savings. The scalability of this model will improve energy management in larger communities and cities in Nigeria, a country currently swamped with energy challenges.
INTRODUCTION
The interconnection of diverse heterogeneous devices within the Internet of things (IoT) paradigm offers a platform for communities to tackle local challenges and improve their city services to benefit all citizens under the emerging concept of smart cities (or communities). This implies that is imperative to develop IoT-enabled services and applications within a framework that meets the needs of the target population appropriately. Considering the prevalent challenge of the lack of adequate supply of power supply in most Africa countries including Nigeria, developing a smart community model envisions a promising solution [1] .
In Nigeria, one institution that has attempted to provide steady power supply for residents and eradicate power outages within the community is Covenant University (CU) situated at Canaanland, Ota. The main sources of power generation in Canaanland are gas turbine and diesel generators. However, with rapid developmental activities and progress resulting in increase in energy demand, it becomes necessary to adopt a smart city approach to energy management in order to achieve her set objectives of meeting current and future energy demand with less financial and energy resources [2] . Energy conservation strategies, which allow for efficient management of available power supply must be encouraged to reduce the problems caused by increasing levels of fossil energy use, as opined in [3] . Likewise, the environmental impact of the current energy system on the campus can be considerably reduced by applying relevant organizational, technological and energy optimization measures [4] . The idea of creating an IoT-driven smart community will also allow the institutions to adequately plan, invest and adopt smarter approaches to energy management to ensure a sustainable energy future as suggested in [5] .
In this paper, a framework was developed to integrate sensor networks and energy management systems into the existing campus IT infrastructure to allow instant data generation and real time analysis on energy demand. The goal is to monitor and control energy consumption in every room and building of the community to improve electricity supply, minimize waste and optimize energy resources, in real time. The rest of this paper is organized as follows. Section II reviews technology-enabled energy conservation approaches. In section III, the status of smart community being considered, Covenant University is summarized while Section IV describes a proposed framework for IoT-driven energy conservation in smart CU. Finally, section V highlights the benefits of implementing the smart city construct in CU while some concluding remarks and directions for future work are given in Section VI.
II.
ENERGY CONSERVATION -A REVIEW With smart city and Internet of things still being a fairly new and developing concept, we present a review of the processes involved in integrating these enabling technologies into a large community as the level of efficiency that can be achieved varies across communities. Notably, the investments in smart technology infrastructure yield energy conservation dividends as well as the conservation and management of other important resources. In [6] , a study of the effectiveness of interventions aiming to encourage households to reduce energy consumption was performed. A review of 38 different articles reveals that energy conservation information resulted in higher knowledge levels, but did little to affect behavioral changes or energy savings. Also, although rewards improved energy conservation among the households, its effects were short-lived. In [5] , the effectiveness of installing alarming visual display monitors affecting shower end use water and energy conservation in Australian residential households was investigated. It was observed that by installing the shower monitor, households reduced shower event volumes by of 15.40L (27%). A payback period of less than 2 years for purchasing the device can be achieved from real monetary savings from the modeled water and energy conservation technique. Furthermore, conservative modeling indicated that the citywide implementation of the device could yield 3% and 2.4% savings in total water and energy consumption, respectively. Also, non-monetary benefits such as the deferment of water and energy supply infrastructure, reduced resource inflationary pressures, and climate change mitigation, amongst others was identified from application of this system.
An evaluation of the energy demand and consumption in Covenant University was investigated in order to improve energy efficiency in the University. The researchers found that there were strategically huge benefits in energy conservation with proposed energy savings in millions of Naira [7] . A total performance oriented optimization and retrofit (TPOR) approach was applied to evaluate the energy performance and implement the energy efficiency measures (EEMs) in a hightech campus located in northern California [8] . It was observed that TPOR is effective in lowering costs and increasing energy savings, amongst other things. The annual electricity usage was reduced by 3,853,625 kWh with a total annual energy cost savings of US$304,436. The overall simple payback period was 18 months after incentives from the utility company.
Also in [9] , it was observed that energy savings in educational institutions could be used to address global warming concerns. The authors acknowledged that this goal could only be achieved through a partnership between students and the institution management. The paper studied the similarities and differences between students' energy-related attitudes and reported behaviors, as well as their perceptions of their institution's energy saving efforts using data from two universities in the United Kingdom (UK) and one in Portugal. It was reported that a significant variation exists between students' perceptions of individual agency and their university's environmental practices (stronger in the UK) and students' sense of collective agency and trust in the government and business (stronger in Portugal).
The study in [4] developed a web-based energy management system for University campuses. By installing sensor networks, energy efficiency was improved by 20% and occupants also had increased satisfaction. Likewise, an energy management framework for a smart campus including local renewable energy sources, a storage bank, and several controllable loads was created in [10] . The analysis showed that in the market-driven scenario, the Energy Management System (EMS) reduced energy spending. However, this system has a minimal effect on the impact on the comfort and the total energy consumption. On the other hand, the Distributor System Operator (DSO)-driven scenario, the EMS reacts to DSO requests by modifying and rescheduling energy consumption and/or production depending on the associated incentive. This entirely new scenario enabled by the EMS results in an economic advantage for the final user. The monetary impact depends on the amount of incentives that are provided by the DSO.
From this review, it was observed that leveraging on smart technology for energy conservation is imperative to optimize energy use, meet increasing energy demands arising from economic development and population explosion as in Nigeria. The paper proposes a smart energy conservation framework for an emerging smart community in Nigeria, Covenant University. This smart city model can also be replicated across various communities in the country for interconnected energy conservation and efficient power distribution.
III. COVENANT UNIVERSITY: CURRENT STATUS
Covenant University is a Christian private university founded in 2002. It is located in the Southwestern zone of Nigeria, precisely in Ota, Ogun state. The university has grown from a population of 1392 students in 2002 to over 8319 students, 374 academic staff and 502 non-academic staff in the 2011 academic session [11] . It lies at coordinate 6.6699 o N, 3.1574 o E; it is spread over 304 acres (124 hectare) area. Covenant University has enjoyed years of uninterrupted power supply, a condition that is largely unpopular in Nigeria. The University has 10 undergraduate student's hostels; all undergraduate student lives within the hostels, each hostel has about 400 rooms. Similarly, there are 2 Post-graduate halls of residence for postgraduate students that choose to live within the campus. There are 4 colleges, 21 departments and 40 programs currently being run in the school. In addition to these, there are also several academic and public buildings like the lecture theatres, university library, university chapel, Senate building, Center for Research and Development, African Leadership and Development center, University guest house, 2-Cafeterias, Sport complex and Shopping malls. The university also has over 300 staff housing units ranging from 1-bedroom, 2-bedroom and 3-bedroom flats as well as duplexes. An overview of energy consumption patterns in major buildings on Covenant University campus is presented in Fig. 1 . Fig. 1 . Energy consumption patterns of major buildings on Covenant University campus [11] The University campus is powered by an off-grid gas turbine plant and several back-up diesel generators mounted at eight strategic locations in the mini-township, in case of unavailability of gas. Being an educational institution, the energy consumption pattern varies significantly with occupancy such as when the students are in session and out of session as charted in Fig. 2 and Fig. 3 respectively. The load demand is usually higher when the students are in session as compared in Fig. 4 . An appropriate energy conservation framework for this community must therefore allow for real time data collection from a sensor networks deployed within the campus environment to monitor energy consumption as it varies with occupancy and thermal conditions. The measuring and sensing devices will enhance the collation of real-time data to a central repository useful for planning, scheduling maintenance and further analytics. Additionally, the IoTenabled energy conservation system will assist the budding community to develop and implement feasible models to efficiently manage electric power being generated and save costs.
IV. PROPOSED SMART ENERGY CONSERVATION FRAMEWORK FOR COVENANT UNIVERSITY
This section describes a proposed framework of an energy conservation cyber-physical system for CU. A strategic interconnection of sensor networks is integrated into the energy management systems and IT infrastructure to significantly improve energy efficiency and increase energy savings. Besides, this framework provides a model to leverage on IoT enabling technologies for further campus expansion.
A. Overview of the framework
The proposed framework, shown in Fig. 5 , is based on the current location of the generation hubs on CU campus. The essential components include field sensors, smart meters, Building Management System (BMS) and Control center. These components are interconnected to achieve an automated system. These components are discussed next.
B. Field Sensors
The IoT technology offers an interconnection of sensing devices. Generally, the buildings usually accounts for 40% of energy consumption and 30% of carbon emissions and thus effective monitoring of energy performance in buildings is important for accessing the building's sustainability [13] [14] . The sensors considered for the proposed framework and their suitable locations on CU campus are listed in Table I , as suggested in [12] .
For example, by retrofitting all buildings with occupancy sensors; lighting, heating, ventilation and air conditioning (HVAC) could be controlled depending on the number of people in an available space. Conventional occupancy sensor uses the passive infra-red (PIR) technologies, ultrasonic sensors, CO 2 sensors, camera and RFID technologies. Common occupancy sensors are listed in Table II . PIR essentially detects the shadow casted by the occupants to ascertain presence though might have incidences of false negatives [15] - [17] . However, embedding strain gauge, mechanical switch or vibration sensor into an office chair; a method described in [15] shows that the chair sensors perform better than the PIR sensors. Carbon dioxide (CO 2 ) sensors measure the level of CO 2 concentration in the building, as the number of occupants increases, the concentration level increases and the HVAC system can be triggered on [18] [19] . 
C. Smart Meters
The postgraduate quarters and all staff residences are currently fitted with pre-paid smart energy meters. The energy meters have an interface with which home owners can monitor energy use. Energy units are purchased from the energy vending office on the campus. Even though, the data for energy use is stored on the energy vending office database; little or no analysis is performed on the data accumulated over the years.
With the rapid community growth, data on energy use provides valuable insights for predicting consumption trends. Stakeholders can then plan ahead and put in place necessary infrastructure to meet increasing energy demands. The smart meters should also be placed in the undergraduate halls of residence, one of the highest energy users on campus as well as all major buildings on campus for accurate energy audits. 
D. Building Management System (BMS)
The building management system monitors and controls all the electrical and electrical equipment in a building. The BMS is a computer based control system installed in buildings to monitor and control electrical and mechanical equipmeents such as HVAC, lighting, fire and intruder alarms, access control systems etc. The BMS makes decisions based on the available data collected from the sensors and stored in the data repository during the lifetime of the system [10] [12] . For this system, the BMS depends on the information relayed by the field sensors. The BMS is the heart of the IoT-enabled smart energy conservation proposed for buildings in this paper. The BMS in turn relays its information (current status) to the control center.
E. Control centers
The role of the control center includes effective management of devices in the network, monitoring of ON-OFF time on the network, reporting faults to field engineers and technicians, ensuring smooth transition from conventional supply to renewable supply in the night time, manage billing accounts, remote and secure meter reading, ensuring proper record keeping of energy use in the campus and other related purposes. The control center is where remote monitoring and data acquisition activities take place.
F. Communication Strategy in the proposed framework
The communication infrastructure includes the sensing & measuring devices, the communication network; transmitting information from the monitoring equipment to the control center and vice-versa. The field sensors (temperature, occupancy, lighting, CO 2 concentration etc.) in a building transmits data through the communications protocol to the BMS, which in turn monitors and optimize operation. The BMS can send necessary signals to actuators to perform certain actions like switching off lighting or HVAC system when there are no occupants. Details about the energy use in a particular building are display on the energy system interface at the control center as well as the smart energy meters. The benefits of energy management using smart city technology from an economic standpoint are numerous. The smart energy sensor networks installed across the campus will provide informed knowledge about energy demands, trends in energy consumption and cost implications. The University management will be able to conserve energy, saving millions of naira, which could be invested into other research activities while ensuring the continuous improvement of welfare for the staff and students of the university. Real time data obtained through the IoT infrastructure can be used for predictive analysis, suitable for planning and scheduling maintenance activities without outages. The energy demands of the smart community will be met efficiently and energy effectively utilized. As energy conservation strategies are achieved in this academic community, there will be a significant reduction in the level of carbon emission, leasing to an improvement in the air quality and health of residents, students and staff within the university environs.
On the other hand, this smart system will enhance the adoption of energy conservation habits for optimizing energy use by members of the academic community. This new attitude to energy consumption will improve personal energy savings.
Additionally, the smart energy system will further improve on the gains of using energy efficient systems. At the end of the 2015/2016 academic session, all the fluorescent and incandescent bulbs in the undergraduate halls of residence were replaced with LED bulbs. This is projected to save at least 4.8m Naira annually. The use of Bureau of Energy Efficiency (BEE) star rated electrical appliances should be encouraged especially for space cooling, lighting and personal computers as recommended in [11] . Renewable energy sources can also be exploited to meet some, and eventually all, of the energy demands of the institution.
CONCLUSIONS AND RECOMMENDATIONS
In this paper, a proposed framework for smart energy conservation was developed for an emerging smart community in Nigeria. The IoT-enabled cyber-physical system integrates a network of field sensors into an automated energy management system using the existing campus IT infrastructure in Covenant University. This offers a platform for real time data analysis, monitoring and control for appropriate energy management. The goal is to monitor and control energy consumption in every room and building of the community to improve electricity supply, minimize waste and optimize energy resources, in real time. This smart city model can also be replicated across various communities for interconnected energy conservation and efficient power distribution. The scalability of this model will improve energy management in larger communities and cities in Nigeria, a country currently swamped with numerous energy challenges.
For further works, smart and energy efficient appliances will be integrated into the framework of the smart energy system. Potential renewable energy sources will also be explored and included in the framework. For example, the renewable energy generated could be stored and used during periods of low loads such as the nighttime. The smart energy system can automate this process.
Likewise, the inclusion of IoT services and applications can be developed to facilitate remote home or building automation as well as feedback portals by users. Machine learning algorithms can also incorporated with the big data analytics for decision support and evolution of other IoT services and applications by technology developers.
